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@ Recording and reproducing system for color video signals.

@ A colorvideo signal recording system comprises means {5,
8) for producing a quadrature two-phase balance-modulated
color signal by subjecting a subcarrier to quadrature two-phase gy
balanced modulation by two color signals, means {10) for pro- 4 1 I
ducing a demodulation-purpose reference phase signal which
has the same frequency as that of the subcarrier and which is A

to be frequency-interleaved with said quadrature two-phase ] I L J

balance-modulated color signal, means for multiplexing said P 2
quadrature two-phase balance-modulated color signal and said 2 > ro) [:I-—
demodulation-purpose reference phase signal together with a 5115@5'-
carrier luminance signal, and means (14) for recording said »
multiplex signal. ! 7

The system minimizes deviation of hues from the original
as well as that of color saturation from the original and elimi- Fead

nates drop-out or missing of color information, thereby ensur-
' ing a high quality of reproduced pictures.
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RECORDING AND REPRODUCING SYSTEM FOR COLOR VIDEO

SIGNAL

This invention relates to a recording and reproduc-
ing system for color video signals, and more particularly
to an impro;ed chroma signal recording and reproducing
system which minimizes deviation of hues from the original
as well as that of color saturation from the original and
eliminates drop-out or missing of color information, thereby
ensuring a high quality of reproduced pictures.

Various types of chroma signal recording and repro-
ducing systems have hitherto been proposed. Two types of
the low-band conversion type and the color-difference line-
sequential FM type are typical of those commonly employed
in a magnetic picture recording and reproducing apparatus
for commercial use such as video tape recorders. The basic
principle, merits and demerits of these two types will now
be described.

(1) Low~band conversion type:

According to this type, a subcarrier is subjected

to quadrature two-phase balanced modulation by two color

difference signals to obtain a modulated chrominance signal
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commonly used in the NTSC system or PAL system, the frequency
band of the chrominance signal being then converted into
that lower than the FM band of a luminance signal, and this
low-band converted chrominance signal is superposed on the
FM luminance signal to be recorded together with the lumi-
nance signal. In the playback mode, the low-band converted
chrominance signal is separated from the reproduced signal
to be then restored to the original high-band chrominance
signal by a frequency converter.

Thefefore, the low-band conversion type exhibits the
following merits (a-1) to (a-4) among others.
(a-1) By virtue of the guadrature two-phase balanced modu-
lation, two color difference signals can be recorded in
multiplex without widening the freguency band occupied.
{a-2) There occurs a time base variation in the reproduced
signal when the speed of the magnetic recording meaium
moving relative to the magnetic head varies. Because this
time base variation causes merely a phase variation of the
chrominance signal of a low frequency, the frequency band
conversion after reproduction of the chrominance signal
into its original high-frequency band alleviates the effect
of the time base variation.
(2=3) The simple procedure of converting the frequency
band of the chrominance signal is merely required for
recording and reproducing color TV signals used in the
\

cw

NTSC system or PAL system.
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(a-4) As the carrier chrominance signal is provided by

modulation according to an AM mode, no beat interference

~ occurs even when adjoining two tracks are scanned simul-

taneously by the magnetic head in the playback mode, and
crosstalk can be gasily eliminated by means of phase shift
(PS) or phase inversion (PI). Thus, this type is suitable
for guardband-less recording.

On the other hand, the low-band conversion type
has demerit§ listed below.
(b-1) Since modulation is according to an AM mode, a level
variation occurring in the reproduced signals cannot be
removed, resulting in deviation of color saturation from
the original.
(b-2) Since the carrier chrominance signal does not include

the carrier component, a continuous reference carrier having

the same’frequency and phase must be'providéd and used for

synchréhous detection during demodulation of the color
signal. However, when a time base variation is present

in the reproduced chrominance signal, the reference carrier
fails to completely follow up the time base variation result-
ing in deviation of hue from the original, even when, an

APC circuit is incorporated to produce the reference carrier
on the basis of the color burst signal.

(b-3) Since the low-band converted color signal is super-
posed on the FM luminance signal to be recorded together,

\ .
when a distortion of third order typical of magnetic recording
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appears in the recording and reproducing system, a beat
interference (moire) due to crdss modulation appears in
the reproduced luminance signal. In order to alleviate
this moire interference, it is necessary to select the
frequency of subcarﬁier converted into the low band at a
special value to utilize the interleaving effect or to
precisely restrict the level of the low-band converted
color signal relative to the FM luminance sigﬁal.

In regard to the level variation discussed in
(b-1), incorporation of a conventional AGC circuit which
controls the gain on the basis of the detected burst level
is effective for compensation of sensitivity difference
between magnetic heads and for correction of the mean level
in each field. However, it has been difficult for the AGC
circuit to suppress an instantaneous level variation.
(2) Color-difference line-sequential FM type:

According to this typé, two color difference
signals are subjected to frequency modulation (FM), and
FM color difference signals are alternately recorded at
a time interval of one horizontal scanning period (1H). 1In
the playback mode, in lieu of the color difference signal
omitted in the record mode, the signal is obtained by delay-
ing the reproduced signal by 1H.

This color-difference line-sequential FM type
exhibits the following advantages (c-1), (c-2).

{(c-1) By the use of frequency modulation (FM), a level



10

15

20

25

0153027
_5,..
variation which may occur can be removed by a limiter, and
any deviation of color saturation does not occur.’
(c~-2) Similarly by the use of the frequency modulation,
hue deviation does not occur even in the presence of a time
base variation.
On the other'hand, the color-difference line-
sequential FM type has the following disadvantages of
(a-1), (d-2).
(d-1) According to its basic principle, the color signal
information Arops out at alternate horizontal scanning line.
Therefore, the vertical resolution of color becomes de-
graded.
(d-2) Since the frequency band used for recording FM color
signals is generally set to be lower than the FM band of the
luminance signal, even when an inclined azimuth arrange- .
ment is employed, simultaneous scanning the adjoining two
tracks by the magnetic head results in beat interference.
Therefore, this is not suitable for guardband-less record-

ing, and it is difficult to increase the recording density.

In order to obviate the problems of the prior art
listed above, the present invention aims to provide a
recording and reproducing system for color video signal
which eliminates drop-out of color information, as

exﬁerienced with the color-difference line-sequential FM
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type, without widening the occupied frequency band, and
which reduces deviations of hue and color saturation to
less than those experienced with the low-band conversion
type even in the presence of a time base variation and a
level variation, théreby ensuring reproduction of high
quality pictures.

According to the present invention, there is pro-
vided a color video signal recording system comprising
means for proéucing a quadrature two-phase balance-
modulated color signal py subjecting a subcarrier to
quadrature two-phase balanced modulation by two color
signals, means for producing a demodulation-purpose
reference phase signal which has the same frequency as
that of the subcarrier and which is to be frequency-
interleaved with the quadrature two-phase balance-
modulated color signal, means for multiplexing the quad-
rature two-phase balance-modulated color signal and the
demodulation~-purpose reference phase signal together with
a carrier luminance signal, and means for recording them.

In accordance with another aspect of the present
invention, there is provided a system for reproducing a
color video signal recorded on a medium, the color video
signal being provided by multiplexing a quadrature two-
phase balance-modulated color signal obtained by subject-
ing a subcarrier to quadrature two-phase balanced

modulation by two color signals and a demodulation-purpose
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reference phase signal which has the same frequency as that
of the subcarrier and which is to be frequency-ihterleaved
with the quadrature two-phase balance-modulated color
signal, together with a carrier luminance signal, means for
separating the carrier luminance signal, the quadrature
two-phase balance-modulated color signal and the reference
phase signal from the demodulated signal, and means for
demodulating the quadrature two-phase balance-modulated
color signalﬁdn the basis of the separated reference phase
signal.

The basic principle and advantages of the present
invention are described below.
(1) In order to eliminate deviation of hues from the
original caused by a time base variation, a continuous
reference phase signal for synchronous detection is pre-
viously multiplexed with the quadrature two-phase balance-
modulated color  signal to be recorded. Since the reproduced
reference phase signal is also affected by a time base
variation similarly as the reproduced gquadrature two-
phase balance-modulated color signal, this reproduced
reference phase signal is utilized for demodulation of the
color signal, so that the time base variations can be
cancelled to eliminate hue deviation. In this case, the
frequency fr of the reference phase signal is selected to
be\equal to the subcarrier frequency fc of the quad-

rature two-phase balance-modulated color signal so as not
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to widen the occupied fregquency band and to cause the time

base variation occurring in the reference phase signal to

_coincide with that of the quadrature two-phase balance-

modulated color signal as much as possible. However, in
order that the quadrature two-phase balance-modulated
color signal and the reference phase signal can be separated
from each other during reproduction, the phase of, for
example, the reference phase signal is inverted at a time
interval of lﬁ for the purpose of frequency interleaving
of the two signals.

(ii) -~ As the reference phase signal multiplexed with the
guadrature two-phase balance-modulated color signal is
continuous, it is possible to control the level variation
of color signals by applying AGC with the signals obtained
from the reference phase signal by envelope detection.

In the low band conversion system of the prior art,
an APC circuit must comprise of burst signals, which
feature determines the performance in respect of the time
based variation. Whereas in the present invention, the
continuous reference phase signal eliminates the need for
APC, and the quadrature two-phase balance-modulated color
signal and the reference phase signal share the same time
base variation, thereby proving sufficiently resistant
against time based variation.

3
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This - invention will now be described by way of
example with reference to the drawings, in which:-

Fig. 1 is a block diagram showing an embodiment
of a recording system according to the present invention;

Fig. 2 is a block diagram showing an embodiment of
a reproducing system according to the present
invention;

Figs. 3(a) to 3(g) show operating waveforms
appearing at various parts of Figs. 1 and 2;

Fig. 4 shows the phase relationship of an index
pulse signal occurring in the embodiments of
Figs. 1 and 2;

Fig. 5 illustrates the allocation of signals in
the embodiments of Figs. 1 and 2;

Fig. 6 is a block diagram showing another circuit
for demodulating the guadrature two-phase balance-
modulated color signal for use in the embodiment of
Fig. 2; and

Fig. 7 shows operating waveforms appearing at

various parts of Figs. 4 and 6 when

i The embodiments of the present invention to be
described make up a magnetic video recording and

reproducing apparatus.
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In the embodiments to be described color difference
signals R-Y and B-Y are used as two color signals.

Rrferring to Fig. 1, the symbol Y designates a
luminance signal, and symbols R-Y and B-Y color difference
signals respgétively. Reference numbers 1, 2, 3 and 4
denote addition circuits; 5 and 6 balanced modulators for
the quadrature two-phase balanced modulation; 7 and 8 an
oscillator for generating the subcarrier and a 90° phase
shifter respectively; 9 a synchronizing signal generator;
10 an offset voltage generator for producing the reference
phase signal; 11 an index pulse generator; 12 an FM or PM
angle modulator; 13 a recording amplifier; 14 a recording
magnetic head; 15, 16, 17 and 18 low-pass filters; and
19 a high-pass filter.

On the other hand, reference numbers in Fig. 2
respectively denote the following: 20 a reproducing
magnetic head; 2la high-pass filter for separating the
luminance signals; 22 a limiter; 23 an angle dem&dulator;
24 a low-pass filter for separating the composite signal
including the reference phase signal and the quadrature
two-phase balance-modulated color signal; 25 a lH delay

and
line; 26 an addition circuit;,27 a subtraction circuit,
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These 25, 26 and 27 separate the reference phase signal and

- 11 -

the quadrature two-phase balance-modulated color signal,
Reference number 28 denote an AGC circuit; 29 a circuit for
detecting the level of the reference phase signal; 30 and 31
synchronous detection circuits each using a balanced modulator;
22 and 33 lowpass filters; 34 an inversion circuit; 35 a limiter;
and 36 a +90° phase shifter. These 34, 35 and 36 produce a
carrier used for synchronous detection. Reference number 37
denote a horizontal synchronizing siénal separation circuit;
38 an inversion pulse generator; 39 a PLL circuit; 40 a burst
signal separation gate; and 41 a gate pulse generator. These
38, 39, 40 and 41 control the inversion circuit 34, Reference
number L2 denote an addition circuit; 43 an encoder; and 44 a

3,58MHz oscillator. These 42, 43 and 45 produce an NTSC signal.

Assuming that the angular frequency of oscillation
of the subcarrier oscillator 7 is wc, the balance-
modulated wave of one of the color difference signals or
color difference signal R-Y is given by

Ep_y(t) cos w_t
and that of the other color difference signal B-Y is given
by

Ep_y(t) sin u t
The composite signal EBB(t) of these two signals provides
the quadrature two-phase balance-modulated color signal
as follows:

(t)sin wct

B-Y
where ER-Y(t) is the voltage signal wave of R-Y,

\ EBB(t)=ER_Y(t)co§ wct + E



10

15

20

25

: ‘ 0153027

- 12 -

and EB-Y(t) is the voltage signal wave of B-Y.
Assuming that the éngular frequency u4_of7the reference
phase signal is selected to be

WE = WC «....a(3)
and the phase of the reference phase signal is inverted
by 1H, the reference phase signal and the quadrature two-
phase balance-modulated color signal EBB(t) are frequency-
interleaved and can be separated from each other even after
multiplexiont

Any méthod may be employed for multiplexing the
reference phase signal. In the embodiment shown in Fig. 1,
an offset voltage is added to one of the color difference
signals, i.e. B-Y, to realize multiplexing and frequency
interleaving. More precisely,in response to the output
of the subcarrier generator 7, the synchronizing signal
generator 9 generates a synchronizing pulse signal 9a
having a period of 1lH as shown in Fig. 3(a), and in
response to the pulse signal 9a, the offset voltage
generator 10 generates a rectangular voltage signal whose
amplitude is inverted between +K and -K at a time interval
of 1H as shown in Fig. 3(b). Such an offset voltage
signald#K is added in the addition circuit 4 to the color
difference signal B-Y. Consequently, the result of synthesis
of the output of the two balanced modulators 5 and 6 provides
a composite signal Ec(t) expressed as follows:

\

) . +, .
Ec(t)=E;_. (t)cosuyct+E (t)sinwct -Ksingct..... (4)

B-Y



10

15

20

25

v
o

- ' 0153027

~ 13 =

where K is a constant.

The third @ember, tK sinwct, on the right fepresents the
continuous reference phase signal. 1In order to identify
the order of phase inversion of the reference phase signal,
an index pulse signal K as shown in Fig. 3(c) is added

to the other color difference signal R-Y. It will be |
seen that the index pulse signal #*K appears in the hori-
zontal blanking period HBLK and has its polarity inverted
at a time interval of 1H. The offset voltage signal #K is
added to thé color difference signal B~Y because red color
requires a greater dynamic range than blue from the visual
viewpoint. However, this offset voltage signal %K may
theoretically be added to any of the color difference
signals. For identifying the order of phase inversion,
any desired identification mefhod'employed in, for example,
the color-difference line-sequential FM type of recording
and reproduction may be utilized.

The composite signal Ec(t) composed of the quadra-
ture two-phase balance-modulated color signal EBB(t) and
the reference phase signal *K sinwc(t) is then multiplexed
with the carrier luminance signal Ey(t) which is an output
from an angular modulator 12, and recorded in a magnetic
recording medium such as a magnetic disk or tape by the
magnetic head l14. A multiplex signal EM(t) is expressed

as follows:

\

\ _ .
EM(t)~EY(t)+Ec(t)

=EY(t)+ER_Y(t)c05mct+E (t)sinwcttKsinwct... (5)

B-Y
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where Ey(t) is the voltage signal wave of Y.
The reproducing system will now be described.
The output of a reproducing magnetic head 20 is
passed through a high pass filter 21 and a low pass filter
5 24 after being amplified. The carrier luminance signal
Ey(t) appears at the output of the high-pass filter 21,
while the  composite signal Ec(t) composed of the quadrature
two-phase balance-modulated color signal and the reference
phase signal appears at the output of the low-pass filter
10 24. The carrier luminance signal EY(t) is applied to a
limiter 22 where level variation is eliminated, and then
demodulated by an angle demodulator 23 depending on FM or
PM. The composite signal Ec(t) is separated into the quad-
rature two-phase balance-modulated color signal EBB(t) and
15 the reference phase signal Ksinuct by a separation circuit
of comb filter type composed of a 1H delay line 25, an
addition circuit 26, and a subtraction circuit 27. For
separation, the strong vertical correlation between adjacent
horizontal scanning lines in the color signal is utilized,
20 as will be numerically expressed hereinunder.
Assuming that the composite signal Eci(t) correspond-
ing to an i-th horizontal scanning line is expressed as
Eci(t)=E§_Y(t)coswct+E%_Y(t)sinwct+Ksinmct ..... (6)

The composite signal E 1(t) corresponding to an (i+l)th

ci+
25  horizontal scanning line becomes as follows:

\

= i+l i+l 3 - 1
Eci+1(t) ER_Y(t)cosmct+EB_Y(t)s1nmct Ksinwct..... {7)
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Incidentally, due tq the strong vertical correlation
between Adjacent horizontal scanning lines in the video
signal, the following relations hold:

i+l ;
Exly (B)+ER_(t)

i+l s
EB_Y(t)vEB_Y(t) ..... (8)
Thus, the equation (6) can be replaced by the following
equation (9):

=gitl i+l i i
Eci(t) ER_Y(t)coswct+EB_Y(t)51nmct+K51nwc(t)....(9)

When the output signal of the 1H delay line 25 is added
in the addition circuit 26 to the input signal to compute
the addition of the equatipn (9) and the equation (7), the

following relation (10) holds:

i+l i+ .
2(Eg Ty (t)coswct+EGT (t)sinwect]  ..... (10)

1
Y
Thus, the quadrature two-phase balance-modulated color
signal can be separated.

On the other hand, when the input signal of the 1lH
delay line 25 is subtracted in the subtraction circuit
27 from the input signal to compute the subtraction of
the equation (7) from the equation {(9), the following is
obtained:

+2Ksinwct

or the synchronous detection signal for the balance-
modulated color signal portion including the color differ-

ehce signal B-Y can be .separated. Further, when the

output of the subtraction circuit 27 is delayed by 90°
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in the phase shifter 36, the following is obtained:
+2Kcoswct
or the synchronous detection signal for the balance-
modulated color signal portion including the color differ-
ence signal R-Y is obtained. Although the polarity of the
output signal of the addition circuit 26 is fixed, that
of the ocutput signal of the subtraction circuit 27 is
inverted at a time interval of 1H. That is, the result

of subtraction Eci+l(t)—Eci(t) provides the output

-2Ksinwct while the result of subtraction Eci+2(t)-

Eci+l(t) provides the output +2Ksinwct.

By inverting the output 2Ksinmct of the subtraction
circuit 27 in the inversion circuit 34 at a time interval
of 1H, the synchronous detection signal

+2Ksinwct
is obtained having the same polarity as that of the
separated quadrature two-phase balance-modulated color
signal. If the timing of polarity inversion goes wrong,
the demodulated color difference signals will have the
opposite polarities resulting in a color error. To avoid
this, an inversion control pulse signal 46 whose polarity
is inverted at a time interval of 1H at an inversion pulse
generator 38 is generated from an inversion pulse generator
38 on the basis of the detected phase difference signal

4§ appearing from the PLL circuit 39 so as to control the



10

15

20

25

0153027

-~ 17 -
switching operation of the inversion circuit 34 by the
inversion control pulse signal 46. The operation is
described in further detail below, and the index pulse
signal superposed on the color difference signal R-Y
during recording is utilized for this purpose. A limiter
35 is provided to.prevent occurrence of level variations
in the synchronous detection signal.

The horizontal synchronizing signal is separated
and extracted from the reproduced luminance signal in a
synchronizigg separation circﬁit 37 and is applied to a
gate pulse generator 40 which generates a gate pulse signal
appearing in the horizontal blanking period HBLK as shown
in Fig. 3(d). This gate pulse signal is utilized to
separate and extract the burst signal during the horizontal
blanking period from the composite signal Ec(t) appearing
at the output of the low-pass filter 24. Since the burst
signal is composed of the reference phase signal Ksinwct and
the balance-modulated wave +K coswct of the index pulse
signal, its phase changes at a time interval of 1H although
its angularAfrequency is wc. This burst signal making such
a phase change is represented by sin(wct:t%) as shown in
Fig. 3(e). Fig. 4 shows the phase relatiomnof the index
pulse signal. A PLL circuit 39 includes a phase difference
detector 39a, a phase compensation circuit 39b and a voltage
controlled oscillator (VCO) 39¢. In response to the appli-

cation of the burst signal sin(wct: ), the PLL circuit 39
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generates a signal sinWct, and the output 45 of its phase
difference detector 39a has a waveform shown in Fig. 3(f).
Since the polarity of the detected phase difference signal
45 having such a waveform changes in correspondence with
that of the index pulse signal, the inversion circuit 34
operates with accurate timing when the inversion control
pulse signal 46 generated from the pulse generator 38 has
a rectangular waveform whose polarity is inverted at a
time intervel of 1H as shown in Fig. 3(g).

As described aboﬁe, sjnchronous detection of the
quadrature two-phase balance-modulated color signal with
the signal coswct demodulates the color difference signal
R-¥, and synchronous detection of the color signal with
the signal sinwct demodulates the color difference signal
B-Y.

In this case, the quadrature two-phase balance-
modulated color signal is controlled of its level by the
AGC circuit 28 which in turn is controlled by the output
signal of the level detector 29 which envelope-detects the
reference phase signal outputted from the subtractor 27.

Since the reference phase 51gnal is a continuous wave, it

L e e R ey _
——— e T TER L T -

“is | p0551b1e to achieve a complete AGC. Further, since

25

the reference phase signal is recorded in multiplex with
the quadrature two-phase balance-modulated color signal

and its frequency is the same as that of the subcarrier,
\

"its phase change, if any, attributable to a time base
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variation that may occur in the course of recording and
reproduction is almost the same as that of the color signal.
Therefore, since the synchronous detection signal produced
from the reference phase signal is also subjected to a
phase change which is substantially the same as that of the
quadrature two-phase balance-modulated color signal, the de-
modulated color difference signals R-Y and B-Y are not
adversely affected by the time base variation, and the hue
deviation attributable to the time base variation is minimized.

The luminance signal Y and the two color difference
signals R-Y, B-Y thus demodulated are applied to a unit
such as a picture display unit. 1In the reproducing system
shown in Fig. 2, the subcarrier of 3.58 MHz produced by an
oscillator 44 is applied to an encoder 43 in which the
carrier of 3.58 MHz is subjected to quadrature two-phase
balance modulation by the two color difference signals
R-Y and B-Y, and the so-called carrier chrominance signal
thus obtained is superposed on the luminance signal to
output NTSC signal.

According to the above mentioned embodiment, the
reference phase signal required for demodulation is
frequency-interleaved and multiplexed as a continuous
signal. Thus the reference phase signal has the same
variation despite the time base variation, and enables
ancellation during dembdﬁlation as well as a complete

AGC based on the reference phase signal.
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As is well known, when a carrier luminance signal
is to be magnetically recorded in the frequency zone higher
than the quadrature 2-phase balance-modulated color
signals, 2wc becomes generated during demodulation of the
carrier luminance singal by distortion of third order due
to the non-linearity of the electro-magnetic conversion
system. General solution to this problem is to frequency-
interleave 2wc with the carrier luminance signal so as to
make it incgnSpicuous; and the following relation holds.

~ 2n + 1
c 4 H

The embodiment of the present invention based on
the above theory is now explained. In the embodiment,
the polarity of reference phase signal is inverted at a
time interval of 2H to frequency-interleave the reference
phase signal with the quadrature two-phase balance-
modulated color signal. The recording system is the .
same as that shown in Fig. 1 except for generation of
the offset voltage and index pulse signal. A demodulating
circuit éection 47 in the reproducing system shown in
Fig. 2 is preferably modified to a structure as shdwn in
Fig. 6. Fig. 7 shows the relation between the offset
voltage and the index pulse signal. Assuming that the
composite signal Eci(t) of the reference phase signal

and the quadrature two-=phase balance-modulated color signal
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on the i-th horizontal scanning line is expressed as

Eci(t)=E (t)coswct+E

the composxte signal E

B-

l(t) on the (i+l)th horizontal

scanning line is expressed as

=pitl

Y(t)sinwctﬂ(sinwct.

E ;41 8)= R_Y(t)coswct+Eéf%(t)sinwct-Ksinmct....

However, since

2n + 1
c . ’ 4

-----

and assuming that n is an even number, the following

relation stands:

Cl+

Thus, the composite signals E

ci + j

(£)

l(t) = El+l(t)51nmct+E Y(t)cosmct+Kcoswct

on the (i+j)th

horizontal scanning lines are expressed as follows:

c1+ B Y
(t) l+3(t)51nwct E1 (t)coswct+Kcoswct
c1+3 B-Y o
E (t) = i+4(t)coswct+E (t)sinwct+Ksinmc£
ci+4 e Tt
i+5 . i+5
c1+5(t) Y(t)51nmct+EB_Y(t)coswct+Kcosmct...

z(t) ’-E1+2(t)cosmct E

(t)51nwct+K51nwct

(12)

. (14)

- (15)

(16)

. (17)

(18)

On the other hand, due to the strong vertical correlation

in the video signal, the following relations hold:

| EarpE)eE_y(6),

l+4(t)*31+2(t),

1+3

J.+S

Y(t)#'E

(t) *+E

i+l

i+3
R-Y

()

()
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1+2 1+3 i+l
(t)+E (t), (t) EB Y( t)

1+4 i+2

3
Eg. Y(t)-l-E

2w, J“’S(*c)ﬁz::L+ (t)

Therefore, when the output signal of a 2H delay
5 line 48 is subtracted in the subtraction circuit 27 from
the input signal, the quadrature two-phase balance-modulated
color signal can be separated as shown below.
Subtraction of the equation (11} from the equation (15)
provides

10 ‘
—2[El+§(t)coswct+E (t)sinwect] = ....... (21)

Subtraction of the eguation (14) from the equation (16)
provides

1+3

2[E (t)51nmct El+3(t)cosmct] ....... (22)

15 Subtraction of the equation (15) from the equation (17)
provides

1+4

Z[E (t)coswct+El+4(t)51nmct] ....... (23)

Subtraction of the equation (16) from the equation (18)
20 Provides

i+5 . i+5
2[-ER_Y(t)51nwct+EB_Y(t)coswct] ....... (24)

On the other hand, when the output signal of the
2H delay line 48 is added in the addition circuit 26 to
the input signal, the synchronous detection signal can be

25 separated as well.
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Addition of the equation (1l) to the equation (15) provides

2K sinwct ceneeas (29)

Addition of the equation (14) to the equation (16) provides

2K cosuct essssse(26)

Addition of the equation (15) to the equation (17) provides

2K singet  Lie.... (27)

Addition of the equation (16) to the equation (18) provides

2K coswct L., .. (28)

Although the color difference signals B-Y

i+3 i+4 i+s
B—Y(t)’ EB_Y(t), +EB_Y(t),

-Ex*2(¢), -k
can be sequentially demodulated when the output signal of
the addition circuit 26 is directly used for the synchronous
detection of the output signal of the subtraction circuit
27, the polarity of the signals B-Y becomes inverted at a
time interval of 2H, resulting in a color error. Therefore,
the polarity of the output signal of the addition circuit
26 is inverted at a time interval of 2H in the inversion
circuit 34 to provide the B-Y demodulation signal. For
demodulating the color difference signals R-Y, the phase
of the output signal of the inversion circuit 34 is delayed
by 90° in the phase shifter 36, and such a signal is used
to synchronously detect the output signal of the subtraction

A

circuit 27. When the inversion circuit 34 operates with
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wrong timing, a color error results. Therefore, the inver-
sion control pulse signal 46 applied to the inversion
circuit 34 is produced as described below. The offset
voltage superposed on the color difference signal B-Y
during recording is changed over between +K and -K at a
time interval of 2H as shown in Fig. 7(b), and the index
pulse signal superposed on the color difference signal R-Y
is also changed over between +K and -K at a time interval
of 2H as shown in Fig. 7(c). The gate circuit 41 applying
the burst signal to the PLL circuit 39 is triggered by a
timing pulse signal having a pulse period of 2H as shown
in Fig. 7(d). oOperation is otherwise the same as described

with reference to Figs. 1 to 3 when n is an odd number.

It will be understood from the foregoing description
of preferred embodiments of the present invention that
color information can entirely be recorded without partial
drop-out of information as in the color-difference line-
sequential FM type recording and reproduction, and a time
base variation or a level variation, if any, does not
substantially lead to the deviation of hue or color satura-
tion of the low-band conversion type recording and reproduc-
tion. Therefore, a color video signal of high picture
guality can be recorded and reproduced. While the foregoing
description refers to application of the present invention

to a magnetic picture recording / reproducing apparatus
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the present invention is equally applicable to recording
and reproduction of still and moving pictures. The present
invention is also applicable to various kinds of color
video signal recording systems such as an optical video
disk apparatus.

The relation between the recording and reproducing
system of the present invention and the desired high record-
ing density of magnetic records is now discussed. In many
of magnetic picture recording and reproducing apparatus
presently iﬁ use, the inclined azimuth arrangement is
used for guardband-less recording. The inclined azimuth
arrangement can also be employed in the present invention
system.

In the case of phase modulation (PM) of the luminance
signal Y, the techniques disclosed in Japanese Patent Pub-
lication No. 56-51406 (1981) and Japanese Patent Application
Laid-open No.'53-41126 (1978) may be utilized. The condi-
tions are such that the modulation index mp is selected to
be less than or equal to a certain value as mp & 1.3,
thereby suppressing appearance of secondary and higher
sideband components, the recorded positions of the vertical
synchronizing signal on adjacent tracks of a magnetic
recording medium are at least aligned (V alignment), and
preferably the recorded positions of the horizontal
gynchronizing signal on the adjacent tracks are also

\ .
aligned (H alignment). The conditions are also such that
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the phases of the center frequency of the PM luminance
signal are aligned on the adjacent tracks, the center
frequencies of the quadrature two-phase balance-modulated
color signal are aligned on the adjacent tracks, and the
phase inversions (Q, n) of the reference phase sighal at
the time interval of 1lH or 2H are aligned on the adjacent
tracks of the magnetic recording medium. When after the
color video signal satisfying the above conditions is
recorded at a high recording density in a guardband-less
fashion or pﬁrtly overlapping fashion, two or more tracks
are scanned by the reproducing head, the color video signal
can be reproduced without beat interference, crosstalk or
out-of-synchronization by virtue of the strong vertical
correlation between adjacent horizontal scanning lines

in the color video signal.
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CLAIMS:;

1. A color video signal recording system comprising
means for producing a quadrature two-phase balance-modulated
color signal by subjecting a subcarrier to quadrature two-

phase balanced modulation by two color signals, means for

producing a demodulation-purpose reference phase signal
which has the same fréquency as that of the subcarrier and
which is to be frequency-interleaved with said quadrature
two-phase balance-modulated color signal, means for multi-
Plexing said quadrature two-phase balance-modulated color
signal and said demoéulation-purpose reference phase signal
together with a.catrier luminance signal, and means for

recording said multiplex signal.

2. A color video signal recofding system as claimed i
in Claim 1, wherein the quadrature two-phase balance-
modulated color signal and the demodulation-purpose refer-
ence phase signal are selected to have the frequency lower

than the lower band of the carrier luminance signal.

3. A system for reproducing a color video signal
recorded on a recording medium, said color video signal
being provided by multiplexing a quadrature two-phase
balance-modulated color signal obtained by subjecting a

. . _ '
subcarrier to quadrature two-phase balanced modulation by
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two color signals and a demodulation-purpose reference

phase signal which has the same frequency as that of said
subcarrier and which is to be frequency-interleaved with
said quadrature two-phase balance-modulated color signal
together with a carrier luminance signal, said reproducing
system comprising means for separating said carrier lumi-
nance signal, said multiplexed quadrature 2¥phase balance-~
modulated color signal and said demodulation-purpose phase
signal, and means for demodulating said quadrature 2-phase
balance-modﬁlated color signals on the basis of the separated

reference phase signal.
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